Abstract. Electron cooling of the 8.9 GeV/c antiprotons in the Recycler ring requires highquality dc electron beam with the current of several hundred mA and the kinetic energy of 4.3 MeV. That high electron current is attained through beam recirculation (charge recovery). The primary current path is from the magnetized cathode at high voltage terminal to the ground, where the electron beam interacts with the antiproton beam and cooling takes place, and then to the collector in the terminal. The energy distribution function of the electron beam at the collector determines the required collector energy acceptance. Multiple and single intra-beam scattering as well as the dissipation of density micro -fluctuations during the beam transport are studied as factors forming a core and tails of the electron energy distribution. For parameters of the Fermilab electron cooler, the single intra-beam scattering (Touschek effect) is found to be of the most importance.
INTRODUCTION
In the Fermilab e-cooler 1 , energy distribution of the electrons at the collector affects the current loss and, consequently, possibility of operations in the DC mode. Core of the energy distribution is formed by multiple intra-beam scattering (IBS), as well as the dissipation of density micro-fluctuations. Extended tails of the electron energy distribution, significant for the charge recovery, are formed b y single IBS, or Touschek effect. Because the electron beam is CAM-dominated 2 ; conventional IBS results (as Bjorken-Mtingwa, Piwinski-Martini) cannot be applied. Both multiple and single IBS phenomena are treated here on a base of the Landau collision integral 3 ; the present paper is a more extended and refined version of Ref. 4 . reduces to a pure diffusion with the diffusion coefficient independent on the longitudinal velocity:
Here v is 2D transverse velocity vector, and the electron density e n is supposed to be constant (Pierce regime) over the elliptic cross-section with half-axes 
where 
TAILS OF THE DISTRIB UTION
The instantaneous loss rate in the beam frame is
For the Gaussian transverse distribution, the above 4D integral reduces to a single integral 
For the 99 m long cooling line, the losses vary moderately (<50%) for drastically different beam envelopes. For the short U-bend line 7 , the calculated dependence on the envelope is much stronger. Increase of the beam size leads to significant drop of the losses. Fig. 1 shows calculated (line) and measured (dots) dependences of the beam losses versus the collector potential for design optics of the cooling line (left) and the U-bend line (right). For the cooling line, the growing discrepancy at high voltage is thought to be caused by secondary electrons escaped from the collector. 
